A 79-year-old man who developed evidence suggesting an intracardiac shunt survived at least 18 months after its onset. Intracardiae mechanisms that may protect the pulmonary circulation from excessive flows are necropsy.
T HE establishment of a fistulous tract between the aorta and the right ventricle poses critical problems in cardiopulmonary dynamics. The higher aortic pressure drives an excessive flow of blood into the right ventricle and overloads it. The increased pulmonary arterial pressure and blood flow lead to pulmonary edema and right heart failure, thereby precipitating a fulminating course and early death in most patients who develop such a fistula. [1] [2] [3] We have observed a patient with such a fistula that had been present for at least 18 months. Anatomic findings in the heart suggest a possible mechanism for the prolonged survival.
CASE REPORT A 79-year-old white man was first admitted to Mount St. Mary suggested, based on anatomie findings at
The patient did heavy manual labor all his life and drank heavily for iany years. From age 70, he worked as a gardener (mowing lawns and doing other moderately hard work) without difficulty until 4 years before death. Three years before death, a heart murmur was noted.
Examination in May 1954 revealed minimal exertional dyspnea with neither orthopnea nor dependent edema. On hospitalization in November 1954 he was in acute distress. A rough thrill was palpable over the precordium and a machinery murmur was heard over the entire chest, loudest along the left sternal border. The maximal inpulse was at the left anterior axillary line. Breath sounds were indistinct, but numerous rales and rhonchi were heard bilaterally. The blood pressure was 162/40. A double femoral arterial sound (Duroziez) was present. The electrocardiogram showed delay in atrioventricular conduction, right bundle-branch block, and digitalis effect with runs of bigeminy. The white cell count was 27,000 per m1113 initially but fell later to 16,000. Four blood cultures were negative. X-ray and fluoroscopy revealed marked cardiac enlargement. The clinical picture was considered compatible with ventricular septal defect, superimposed on arteriosclerotic heart disease. The patient improved markedly on digitalis and Mercuhydrin, and was discharged home.
The patient was readmitted 1 year later comnplaining of intermittent severe chest pain of 3 weeks' duration, not necessarily related to exertion. His general physical condition was unchanged, except for somne progression of the congestive heart failure. Blood pressure was 246/60.
The hemogrami showed a hemnatocrit of 35, hemoglobin of 74 per cent, and white blood cell count of 16,000 per 1111m1.3 Chest films showed an increase in the heart size and a progression of hilar congestion with a suggestion of an inflammatory process in the right lung. The electrocardiogram continued to show delay in atrioventricular conduction, right bundle-branch block, and bigeminy. Again the patient improved markedly with digitalis and Mercuhydrin. He was discharged to a nursing home after 10 days. Except for gradually increasing anasarca, his condition remained essentially unchanged until death on April 11, 1956. The principal pathologic findings were in the heart, which was markedly enlarged, weighing 625 Gm. The right ventricular wall at the conus arteriosus was 7 mmnn. thick, and the left ventricular wall was 20 mm. thick. The conus, evident as a saccular dilatation immediately below the pulmonary valve, was clearly differentiated from the sinus of the right ventricle by a markedly hypertrophied supraventricular crest on the septal wall. Immediately below the crest a completely fibrotic band less than 1 em. in circumference was seen at what appeared to be the junction of 2 columnae carneae ( fig. 1 ). This opening led through a tract to an ovoid opening with rolled fibrotic edges I cm. in circumference, near the lower attachment BRONK, MCDERMID, RODBARD of the right coronary cusp ( fig. 2) . Marked calcification with some granular projections extended into the sinus of Valsalva at the attachment of the aortic cusp. The tract was funnel-shaped with its greatest circumference at the sinus of Valsalva. When it was filled with radiopaque material and x-rayed ( fig. 3 ), a narrow diverticulum was demonstrated in the midportion of the tract extending somewhat beneath the muscle of the crista supraventricularis and ending blindly. The right coronary orifice was immediately above the opening of the tract but had no connection with it.
Microscopically, the fistulous tract was lined by flattened endothelial cells and encircled by a thick band of fibrosis, which in places was relatively hyalinized. In other regions, numerous elongated spindle cells with narrow elongated nuclei were present in parallel arrangement. Many elastic fibers were mixed with the fibrous tissue covering the tract. The right coronary artery and the circumflex branch of the left were patent, but showed considerable atheromatosis. The anterior descending branch of the left coronary artery was occluded by an old sclerotic, fibrotic process 3 em. from its origin. The myocardium showed no gross evidence of recent or old infarction.
Regions of atelectasis with small foci of bronchopneumonia and bronchitis were present in both lower lobes. The pulmonary blood vessels, microscopically, were congested but showed no significant sclerosis (fig. 4) .
Severe arterial and arteriolar nephrosclerosis was evident on microscopic section. Most of the small arteries and arterioles of the adrenal glands showed thickened walls with intimal fibrosis.
DISCUSSION
The present case has interest from several points of view, including the mechanism of development of fistulas between the aorta and the chambers of the heart, the special dynamics induced by the abnormal blood flow in such instances, and the potential mechanism for protection against excessive pulmonary arterial pressures and flows.
Aneurysmal dilatations at the root of the aorta are known to extend in any direction and may produce a fistulous connection with any of the chambers of the heart, the pulmonary artery, and even with the pericardium. ' The presence of such a large fistula in the heart of a 79-year-old man whose history was that of a hard laborer strongly suggests that the lesion was acquired.
Erosion of the base of the aorta may lead to a burrowing through the ventricular septum, with the establishment of a new channel lined by endocardium. In the present instance, the extensive and specific pattern of development of endothelium, collagen, and elastic tissue suggests the action of mechanical forces in transforming the interventricular tissues into structures resembling a blood vessel under considerable mechanical tension.
Most eases with an acquired fistula report a signal event characterized by sudden pain in the chest or the upper abdomen and the immediate appearance of a loud continuous murmur near the sternum.4 The development of the fistula may be more gradual, since no report of an acute episode could be elicited in our patient and in other reported cases.1' Usually the development of a ventricular septal defect or an aortic-ventricular fistula leads to rapidly progressive congestive failure, sometimes associated with endocarditis. Ill the present instance, the fistula apparently was present for at least 18 months, and perhaps for the entire 6 years that the patient was under treatment for heart failure.
The murmurs and arterial pressures suggest that flow took place from the aorta into the right ventricle during most of the cycle. The machinery-like character of the murmur suggests that particularly during early ventricular systole, some of the flow may have been pumped by the right ventricle into the aorta. Cardiac nodules at the aortic and ventricular orifices of the fistulous tract provide evidence for the reaction of these tissues to a strong stream.
The compatibility of such a large fistula with long survival is of considerable interest. In the presence of the fistula, the high aortic pressure would tend to drive a rapid flow of blood into the right ventricle, with a resulting excessive pulmonary blood flow. This increased flow may account for some of the pulmonary congestion, dyspnea, and signs of right heart failure.
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